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DESCRIPTION 

ALKALINE BATTERY 

Technical Field 
[0001] 

The present Invention relates to an alkaline primary 
battery. Particularly, the invention relates to a so-called 
nickel-mcmganese battery comprising a positive electrode 
matericil mixtxire containing memganese dioxide and nickel 
oxyhydroxide as active materials, and adopting an inside-out 
structure . 

Background Art 
[0002] 

Alkaline batteries usually have an inside-out 
structure. The inside-out structure comprises: a positive 
electrode case serving also as a positive electrode terminal; 
cylindrical positive electrode material mixture pellets 
comprising meuiganese dioxide which core attached to the inside 
of the positive electrode case; and a gel zinc negative 
electrode disposed in the hollow of the positive electrode 
material mixture pellets with a separator interposed 
therebetween. The positive electrode material mixture of 
alkaline batteries usually comprises electrolytic manganese 
dioxide and a graphite conductive material. 
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[0003] 

With the widespread of digital equipment in recent 
years, the load power of the equipment that use alkaline 
batteries is gradually increasing. Accordingly, demand is 
increasing for batteries that excel in high loaded discharge 
performcmce. In order to cope with this demand, it is 
proposed to improve high loaded discharge performcince of 
alkaline batteries by mixing a nickel oxyhydroxide with a 
positive electrode material mixture (see Japanese Laid-Open 
Patent Publication No. Sho 57-72266). In recent years, 
alkaline batteries like this have been commercialized and 
spread widely. 
[0004] 

The nickel oxyhydroxide used for alkaline batteries 
is usually prepared by oxidizing spherical or oval shaped 
nickel hydroxide used for alkaline storage batteries 
(secondary batteries) with an oxidizing agent such as an 
aqueous solution of sodium hypochlorite (see Japeinese Examined 
Patent Publication No. Hei 04-80513). In order to fill the 
nickel oxyhydroxide into a battery at a high density, nickel 
hydroxide having a high bulk density (tap density) and 
comprising a crystal having a P type structure is usually used 
as a raw material. By treating the raw material with an 
oxidizing agent, nickel oxyhydroxide comprising a crystal 
having a p type structure is obtained. 
[0005] 
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For the purpose of enhancing the capacity or 
utilization of the positive electrode, nickel hydroxide for 
alkaline storage batteries containing cobalt, zinc and the 
like is often used (see Japanese Examined Patent Publication 
No. Hei 07-77129). Cobalt, zinc and the like cire incorporated 
in the crystals of the nickel hydroxide, whereby a solid 
solution nickel hydroxide is formed. 
[0006] 

Even in recent years, various proposals have been 
made. For example, Japanese Laid-Open Patent Publication No. 
2002-8650 proposes to use subs temtially- spherical nickel 
oxyhydroxide in an alk€d.ine battery. Japeuiese Laid-Open 
Patent Publication No. 2002-203546 proposes to use a solid 
solution nickel oxyhydroxide containing zinc or cobalt. 
Japanese Laid-Open Patent Publication No. 2003-31213 proposes 
to control the BET specific surface area of nickel 
oxyhydroxide. Japanese Laid-Open Patent Publication No. 2003- 
123745 proposes to control the amount of cm impurity contained 
in nickel oxyhydroxide such as sulfate ions. Japanese Laid- 
Open Patent Publication No. 2003-123747 proposes to control 
the average particle size of nickel oxyhydroxide or 
electrolytic manganese dioxide. It can be said that all of 
the proposals mentioned above were made based on the same 
conception, that is, Just to apply well-known techniques of 
the positive electrode for alkaline storage batteries (or 
secondary batteries) to primary batteries. 
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Dlsclosxire of the Invention 
[00071 

vnien a nickel oxyhydroxide is added to a basic 
composition of electrolytic manganese dioxide and a graphite 
conductive material, the discharge voltage of the obtained 
battery having zinc in the negative electrode often exhibits 
two plateau regions. A first plateau occurs around a battery 
voltage of about 1.6 V. A second plateau occurs around a 
battery voltage of about 1.25 V. The discharge capacity in 
the first plateau region is mainly attributed to a discharge 
reaction in ^ich nickel having a veuLence of about 3.0 
contained in the nickel oxyhydroxide is reduced to a lower 
oxidation state. 
[0008] 

In general, it can be stated that the greater the 
discharge capacity in the first plateau, the more advantageous 
it is to achieve a higher capacity battery. However, if the 
discharge is performed until the nickel oxyhydroxide is 
completely reduced close to the bivalent state in the first 
plateau region, the electronic conductivity of the nickel 
oxyhydroxide sharply drops, which reduces the electronic 
conductivity of the whole positive electrode active material 
mixture. As a result, the capacity of the electrolytic 
manganese dioxide that contributes to a discharge reaction in 
the second plateau region ccinnot be utilized sufficiently. 
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[0009] 

TcLklng this into consideration, it can be surmised 
the nickel oxyhydroxide should not be discharged completely in 
the first plateau region. Preferably, the nickel oxyhydroxide 
has an appropriate amount of residueil capacity in the second 
plateau region. Presumably, this allows the positive 
electrode material mixture to maintain relatively high 
electronic conductivity even when the electrolytic manganese 
dioxide is discharged. 
[0010] 

Meanwhile, from the standpoint of the productivity 
and cost of the raw material, a nickel oxyhydroxide for 
alkaline storage batteries is applied as it is to alkaline 
primary batteries in most cases. Because the material 
development based on a specific discheurge mechanism as 
described above has not been done yet, the capacities of the 
electrolytic manganese dioxide and the nickel oxyhydroxide 
which are contained in the batteries sure not always 
sufficiently utilized. 

Means for Solving the Problems 
[0011] 

An object of the present invention is to 
sufficiently use the capacities of electrolytic mcuiganese 
dioxide and a nickel oxyhydroxide which eire contained in an 
alkeaine battery while maintaining the electronic conductivity 
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of a positive electrode material mixture even dxiring the 
discharge of the electrolytic mcuiganese dioxide in the second 
plateau region. 
[0012] 

Another object of the present invention is to 
provide an effective means to further improve the high loaded 
discharge performance and the utilization of electrolytic 
memganese dioxide. 
[0013] 

Specifically, the present invention relates to an 
alkaline battery comprising a positive electrode, a negative 
electrode and an alkaline electrolyte, the positive electrode 
comprising a positive electrode material mixture containing a 
nickel oxyhydroxide , electrolytic manganese dioxide and a 
graphite conductive material, vrtierein the nickel oxyhydroxide 
comprises a crystal having a p type structure, the crystal 
having mangeuiese dissolved therein, and the amount of the 
manganese contained in the nickel oxyhydroxide is 0.5 to 10 
mol% relative to the total amount of the nickel and manganese 
contained in the nickel oxyhydroxide. 
[0014] 

Another object of the present invention is to 
provide an effective meams to increase the capacity of the 
battery to a higher level and improve the utilization of the 
electrolytic manganese dioxide by controlling the discharge 
capacity of the nickel oxyhydroxide obtained in the second 
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plateau region to an appropriate level. 
[0015] 

In order to achieve the above objectives, the 
present invention provides another alkaline battery comprising 
a positive electrode, a negative electrode and eui aJJcaline 
electrolyte, the positive electrode comprising a positive 
electrode material mixtxire comprising a nickel oxyhydroxide , 
electrolytic manganese dioxide and a graphite conductive 
materiea. The nickel oxyhydroxide has the following 
properties. Specifically, in the present invention, when a 
molded article comprising a mixture of the nickel oxyhydroxide 
and the graphite conductive material is immersed in an aqueous 
solution containing 40 wt% KOH, and a constant current per 
gram of the nickel oxyhydroxide of 5 mA is then applied to the 
molded article, the potential of the molded article exhibits a 
first plateau region ranging from +500 to +100 mV relative to 
an Hg/HgO electrode and a second plateau region ranging from 
+100 to -400 mV relative to the Hg/HgO electrode. The 
discharge capacity in the first plateau region per gram of the 
nickel oxyhydroxide is 220 to 250 mAh. The dischsurge capacity 
in the second plateau region per gram of the nickel 
oxyhydroxide is 10 to 25 mAh. 

Effects of the Invention 
[0016] 

According to the present invention, because the 
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nickel oxyhydroxide is not completely discharged at the first 
plateau region and it has an appropriate level of residual 
capacity in the second region, the electronic conductivity of 
the positive electrode material mixture is maintained at a 
high level even during the discharge of the electrolytic 
manganese dioxide in the second plateau region. Accordingly, 
it is possible to sufficiently use the capacities of the 
electrolytic manganese dioxide and the nickel oxyhydroxide 
which are contained in the battery. 
[0017] 

The present invention not only allows the capacities 
of the electrolytic manganese dioxide and the nickel 
oxyhydroxide to be sufficiently used, but also greatly 
increases the high loaded discharge performance. 
[0018] 

According to the present invention, it is possible 
to ensure sufficient discheurge capacity in the first plateau 
region and, at the same time, to ensure an improved current 
collection from the electrolytic manganese dioxide. 

Brief Description of Drawings 
[0019] 

FIG. 1 is a front view, partially in cross section, 
of a nickel -mangemese battery according to an example of the 
present invention. 

FIG. 2 is a graph showing the discharge curves of 
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nickel-mcuiganese batteries Al to CI according to Example 1. 

FIG. 3 is a graph showing the potential cxirves of 
the positive electrodes of model cells A2 to C2 according to 
Example 1. 

Best Mode for Carrying Out the Invention 
[0020] 

An alkaline battery of the present invention 
comprises a positive electrode, a negative electrode and an 
alkaline electrolyte. The positive electrode comprises a 
positive electrode material mixture comprising nickel 
oxyhydroxide , electrolytic manganese dioxide and a graphite 
conductive material. 
[00211 

When electrolytic manganese dioxide and nickel 
oxyhydroxide are compared, electrolytic manganese dioxide is 
superior in terms of capacity per unit gram (mAh/g) , ease of 
filling into a case and material cost. In terms of discharge 
voltage and high loaded discharge performance, however, nickel 
oxyhydroxide is superior. 
[0022] 

Accordingly, considering the balance of battery 
properties and cost, the positive electrode material mixt\ire 
preferably contains nickel oxyhydroxide and electrolytic 
manganese dioxide in amounts of 10 to 80 wt% and 20 to 90 wt%, 
respectively, relative to the total amount of the nickel 
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oxyhydroxide auid the electrolytic manganese dioxide. In order 
to obtain a battery particulcurly excellent in the balance of 
the properties, the amounts of the nickel oxyhydroxide and the 
electrolytic manganese dioxide are preferably 30 to 60 wt% and 
40 to 70 wt%, respectively. 
[0023] 

An active material in the positive electrode 
material mixtiire preferably has a higher volume energy density. 
In order to ensure sufficient high loaded discharge 
performance, it is necessary to add a conductive material 
comprising graphite to the positive electrode active material. 
A preferred amount of the graphite conductive material is 3 to 
10 wt%, more preferably 5 to 8 wt%, relative to the total 
amount of the nickel oxyhydroxide, the electrolytic manganese 
dioxide and the graphite conductive material contained in the 
positive electrode material mixture. When the amount of the 
graphite conductive material is less than 3 wt%, the 
electronic conductivity of the whole positive electrode 
material mixture might be insufficient regardless of the 
residual capacity of the nickel oxyhydroxide. Conversely, 
when the amount exceeds 10 wt%, the rate of the active 
material relative to the positive electrode material mixttare 
will be too small, which might make the volume energy density 

of the active material insufficient. 

[0024] 

When a molded article comprising a mixture of the 
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nickel oxyhydroxide and the graphite conductive material is 
immersed in an aqueous solution containing 40 vrt% KOH, and a 
constant current per gram of the nickel oxyhydroxide of 5 mA 
is then applied to the molded article, the potential of the 
molded article exhibits a first plateau region (i.e. high 
potential region) and a second plateau region (i.e. low 
potential region) . 
[0025] 

The potential of the molded cirticle can be 
classified into two regions: a first plateau region in a range 
of +500 to +100 mV relative to an Hg/HgO electrode and a 
second plateau region in a range of +100 to -400 mV relative 
to the Hg/HgO electrode. 
[0026] 

The discharge capacity per gram of the nickel 
oxyhydroxide in the first plateau region is preferably 
controlled to 220 to 250 mAh/g. Likewise, the discharge 
capacity per gram of the nickel oxyhydroxide in the second 
plateau region is preferably controlled to 10 to 25 mAh/g. 
[0027] 

The discharge capacity in the first plateau region 
is mainly attributed to a discharge reaction in which nickel 
having a valence of about 3.0 contained in the nickel 
oxyhydroxide is reduced to a lower oxidation state so as to 
make the nickel oxyhydroxide low in electronic conductivity. 
Assuming that all the nickel in the nickel oxyhydroxide is 
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reduced from a valence of about 3.0 to 2.1, the upper limit of 
the discharge capacity per gram of the nickel oxyhydroxide 
obtained in the first plateau region is about 260 mAh/g. 
[0028] 

If the nickel oxyhydroxide has good electronic 
conductivity and good proton dif fusibility, the discharge 
capacity per gram of the nickel oxyhydroxide obtained in the 
first plateau region might exceed 250 mAh. In this case, the 
nickel oxyhydroxide is discharged completely in the first 
plateau region, and rarely has the capacity in the second 
plateau region. For this reason, in the second plateau region 
where the discharge reaction of electrolytic manganese dioxide 
takes place, the electronic conductivity of the positive 
electrode material mixture will be significantly reduced, 
enough capacity cannot be obtained. 
[0029] 

Conversely, v^en the average veJ.ence of nickel in 
the nickel oxyhydroxide is low or when the amount of Mn 
incorporated in the nickel oxyhydroxide therein is excessively 
large, the discdiarge capacity per gram of the nickel 
oxyhydroxide obtained in the first plateau region might be 
less than 220 mAh. In this case, the discharge capacity of 
the nickel oxyhydroxide will be insufficient, and therefore a 
high capacity battery cannot be obtedjied. 
[0030] 

When a nickel oxide of high oxidation state is 
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locally formed in the nickel oxyhydroxide , it is presumed that 
the nickel oxide of high oxidation state contributes to the 
discharge reaction in the second plateau region. 
[0031] 

The nickel oxyhydroxide containing a certain amount 
of the nickel oxide of high oxidation state as described above 
prevents the decrease of the electronic conductivity even in 
the second plateau region. Accordingly, the decrease of the 
electronic conductivity of the positive electrode material 
mixture in the second plateau region is prevented. As a 
result, the current collectability from the electrolytic 
manganese dioxide is enhanced, offering an alkaline battery 
havJLng a higher capacity. 
[0032] 

When the discharge capacity per gram of the nickel 
oxyhydroxide obtained in the second plateau region exceeds 25 
mAh, however, the discharge capacity in the first plateau 
region will be reduced to less than 220 mAh/g. Vttien the 
discharge capacity per gram of the nickel oxyhydroxide 
obtained in the second plateau region is less than 10 mAh, on 
the other hand, because the amount of the nickel oxide that 
contributes to the discharge reaction in the second plateau 
region will be small, the effect of enhancing the current 
collectability from the electrolytic manganese oxide will be 
small . 
[0033] 
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The nickel oxyhydroxide having the preferable 
electrical characteristics as described above can be 
relatively easily prepared by incorporating a sincG.1 amount of 
manganese into a nickel oxyhydroxide. The incorporation of 
manganese in a nickel oxyhydroxide also greatly enhances the 
high loaded discheorge performance of the battery obtained. 
Particularly, a nickel oxyhydroxide comprising a crystal 
having a p type structure has the preferable electrical 
characteristics as described above, and at the same time, it 
is excellent in terms of small volume change during discharge. 
[0034] 

Even when a metal other than manganese is 
incorporated in nickel oxyhydroxide, it is possible to form 
nickel oxide of high oxidation state that contributes to the 
discharge reaction in the second plateau region. Examples of 
the met2a, other than manganese, include zinc, cobalt, 
aluminum cmd chromium. Yet, the effect of enhancing the high 
loaded discharge performance of the battery is especieLLly 
remarkable when manganese is incorporated in nickel 
oxyhydroxide . 
[0035] 

In a preferred embodiment of the present invention, 
the nickel oxyhydroxide comprises a crystal having manganese 
dissolved therein and having a p type structure. In a particle 
of such nickel oxyhydroxide, nickel oxide of high oxidation 
state that contributes to the discharge reaction in the second 
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plateau region of low potential is locally formed. In other 
words, a part of the nickel oxyhydroxide comprising a crystal 
having manganese dissolved therein and having a p type 
structure contributes to the discharge reaction in the second 
plateau region of low potential. Accordingly, even during the 
discharge of the electrolytic manganese dioxide in the second 
plateau region, the electronic conductivity of the positive 
electrode material mixture is maintained at a high level, and 
therefore the capacity of the electrolytic manganese dioxide 
can be sufficiently used. Moreover, the incorporation of 
manganese in the nickel oxyhydroxide also greatly enhances the 
high loaded discharge performance of the battery obtained. 
[00S6] 

The nickel oxyhydroxide con^rising a crystal having 
manganese dissolved therein and having a p type structure is 
prepared by, for example, oxidizing nickel hydroxide 
incorporating manganese therein with an oxidizing agent. The 
nickel hydroxide preferably comprises crystals having a p type 
structure . 
[0037] 

In another preferred embodiment of the present 
invention, the nickel oxyhydroxide comprises a crystal having 
a metal other than manganese dissolved therein. Even in a 
particle of such nickel oxyhydroxide, nickel oxide of high 
oxidation state that contributes to the discharge reaction in 
the second plateau region of low potential is locally formed. 
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The nickel oxyhydroxide having a metal element other than 
manganese dissolved therein also preferably comprises crystals 
having a P type structure. 
[0038] 

The nickel oxyhydroxide having a metal element other 
than manganese dissolved therein is prepared by, for example, 
oxidizing nickel hydroxide incorporating a metal other than 
manganese therein with an oxidizing agent. In this case also, 
it is preferred to use nickel hydroxide comprising a crystal 
having a p type structure as a raw material. 
[00391 

Preferred examples of the particle shape of the 
nickel hydroxide include, but not limited to, spherical shape 
and oval shape. The tap density of the nickel hydroxide is 
preferably 2.0 to 2.3 g/cm^. 
[0040] 

The nickel hydroxide preferably has a BET specific 
surface area of 5 to 20 m^/g- 
[0041] 

The concentration of sulfate ion contained in the 
nickel hydroxide is preferably 0.2 to 0.5 wt%. 
[0042] 

The volume based average particle size (D50) of the 
nickel hydroxide is preferably 10 to 20 Mm. 
[0043] 

The nickel hydroxide is prepsared, for example, in a 



17 



reaction vessel equipped with stirring blades. To the 
reaction vessel is added, for example, pure water as the 
reaction phase where the nickel hydroxide grows. Preferably, 
a small amount of reducing agent is added to the reaction 
phase. More preferably, bubbling with nitrogen gas is 
performed. 
[0044] 

Preferred starting materials for the nickel 
hydroxide include manganese sulfate, or any sulfate of a metal 
other than manganese, and nickel sulfate. It is to be 
understood that nickel nitrate or the like can be used instead 
of nickel sulfate and that mangemese nitrate or the like can 
be used instead of manganese sulfate. Also, instead of a 
sulfate of a metal other than manganese, einy nitrate or the 
like of a metal other than manganese can be used. 
[0045] 

The preparation procediire of the nickel oxyhydroxide 
comprising a crystal having manganese dissolved therein and 
having a p type structure will be described below. It should 
be noted that the method described below can be applied to the 
preparation of the nickel oxyhydroxide comprising a crystal 
having a metal element other than manganese dissolved therein 
by replacing an aqueous solution of mangemese sulfate (II) 
with an aqueous solution of other metal salt. 
[0046] 

The preparation procedure of the nickel hydroxide 
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Includes a step of feeding, for example, an aqueous solution 
of nickel sulfate (II). an aqueous solution of manganese 
sulfate (II), an aqueous solution of sodium hydroxide and 
aqueous ammonia into a reaction vessel, followed by stirring 
while maintaining the pH of the reaction phase at a certain 
level* This step allows the nuclei of the nickel hydroxide to 
be precipitated in the reaction phase and then to grow. 
Subsequently, the resulting particles are heated in another 
aqueous solution of sodium hydroxide to remove sulfate ion, 
which are then washed with water, followed by drying to give 
nickel hydroxide. 
[0047] 

The preparation procedure of the nickel oxyhydroxide 
includes a step of introducing, for example, the nickel 
hydroxide into an aqueous solution of sodium hydroxide serving 
as the reaction phase, to which a sufficient amount of an 
oxidizing agent is added, followed by stirring. In this step, 
the nickel hydroxide is oxidized to give nickel oxyhydroxide. 
[0048] 

The oxidizing agent for converting the nickel 
hydroxide into the nickel oxyhydroxide may be an aqueous 
solution of sodium hypochlorite, an aqueous solution of 
potassium peroxydisulfate or a hydrogen peroxide solution. 
[0049] 

The particle shape of the nickel oxyhydroxide varies 
depending on the nickel hydroxide. Preferably, the particles 
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of the nickel oxyhydroxide are spherical or oval shaped. The 
tap density of the nickel oxyhydroxide is preferably 2.1 to 
2.4 g/cm^. 
[0050] 

The BET specific surface area of the nickel 
oxyhydroxide is preferably 10 to 20 m^/g. 
[0051] 

The concentration of the sulfate ion contained in 
the nickel oxyhydroxide is preferably 0.1 to 0.3 wt%. 
[0052] 

The volume based average peurticle size (D50) of the 
nickel oxyhydroxide is preferably 10 to 20 jm. 
[0053] 

The amount of the meinganese contained in the nickel 
oxyhydroxide is preferably 0.5 to 10 mol%, more preferably 2 
to 7 mol%, relative to the total amount of the nickel and 
manganese contained in the nickel oxyhydroxide. When the 
manganese amount is less than 0.5 mol%, the discharge capacity 
in the second plateau region will be too small. Conversely, 
when the manganese amount exceeds 10 mol%, the discharge 
capacity in the second plateau region will be too large, 
making the discharge capacity in the first plateau region 
insufficient. 
[0054] 

In the case of using a metal other than manganese 
(hereinafter referred to as "metal M" ) , the amount of the 
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metal M contained in the nickel oxyhydroxide is preferably 0.5 
to 10 mol%. more preferably 2 to 5 mol%. relative to the total 
amount of the nickel and the metal M contained in the nickel 
oxyhydroxide. When the amount of the metal M is less than 0.5 
mol%, the discharge capacity in the second plateau region will 
be too small. Conversely, vrtien the amount of the metal M 
exceeds 10 mol%, the discharge capacity in the second plateau 
region will be too large, making the discharge capacity in the 
first plateau region insufficient. 
[0055] 

Preferably, the positive electrode material mixture 
contains at least one rare earth metal oxide selected from the 
group consisting of YzOa. ErjOa. TmjOa, YbzOa and LU2O3. These 
rare earth metal oxides dissolve in a very small amount in an 
alkalJjie electrolyte to form a hydroxide and then deposit. As 
a result, a coating film comprising a rare earth metal element 
is formed on the surface of the particles of the nickel 
oxyhydroxide. This coating film serves to increase the oxygen 
producing over-potential of the positive electrode. 
[0056] 

The nickel oxyhydroxide comprising a crystal having 
manganese dissolved therein and having a P type structure has 
a high equilibrium potential. As such, the open circuit 
voltage of the battery is maintained at a relatively high 
level and the self -discharge rate tends to be large. Thus, 
the addition of a small amount of rare earth metal oxide to 
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the positive electrode material mixture leads to a great 
improvement of storage chcuracteristics of the battery. 
[00571 

The amount of the rare earth metal oxide is 
preferably 0.1 to 2 wt%, more preferably 0.5 to 1.5 wt% 
relative to the total amount of the nickel oxyhydroxide , the 
electrolytic manganese dioxide, the graphite conductive 
materiSLl and the reure eeurth metal oxide. 
[0058] 

The present invention will be specifically described 
below with reference to the accompcinying drawings, but it 
should be understood that the present invention is not limited 
to the examples below. 

Example 1 
[0059] 

(Preparation of Nickel Hydroxide) 

Constant amounts of an aqueous solution of nickel 
sulfate (II), an aqueous solution of mangemese sulfate (II), 
an aqueous solution of sodium hydroxide emd aqueous ammonia 
having certain concentrations were fed, by a pump, to a 
reaction vessel equipped with stirring blades having been 
filled with pure water and a small amount of hydrazine, while 
the reaction vessel was bubbled with nitrogen gas. During the 
feeding thereof, the reaction vessel was continuously stirred 
with the pH maintained at a constant level. Even after the 
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feeding, the stirring was continued to allow the nuclei of the 
nickel hydroxide to be precipitated. Then, the nuclei were 
grown. The resulting particles were heated in another aqueous 
solution of sodium hydroxide to remove sulfate ions, which 
were then washed with water, followed by vacuum drying to give 
nickel hydroxide "a" having a composition of Nio.95Mno.o5(OH)2- 
[0060] 

Subsequently, nickel hydroxide "b" having a 
composition of Nio.95Zno.o5(OH)2 was prepared in the same manner 
as above, except that an aqueous solution of zinc sulfate (II) 
was used in stead of an aqueous solution of manganese sulfate 

(II). 
[0061] 

Nickel hydroxide "c" containing only nickel for a 
meteil was further prepared in the same manner as above, except 
that an aqueous solution of manganese sulfate (II) and an 
aqueous solution of zinc sulfate (II) were not used. 
[0062] 

Powdered X-ray diffraction confirmed that all the 
prepared nickel hydroxides "a" to "c" coii5>rised crystals 
having a p type staructure. The nickel hydroxides "a" to "c" 
also had the following physical properties: 

a volume based average particle size of about 20 \xm; 

a tap density (after the tapping of 300 times) of 
about 2.2 g/can^; and 

a BET specific surface area of about 10 m^/g. 
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[0063] 

(Preparation of Nickel Oxyhydroxlde) 

The nickel hydroxide "a" In an amount of 200 g was 
Introduced Into 1 L of an aqueous solution of sodium hydroxide 
with a concentration of 0.1 mol/L. after v^ch a sufficient 
amount of an aqueous solution of sodium hypochlorite having an 
effective chlorine concentration of 10 wt% and serving as an 
oxidizing agent was added thereto, followed by stirring to 
convert the nickel hydroxide "a" into nickel oxyhydroxlde. 
The obtained particles were thoroughly washed with water, 
vrtiich were then vacuum dried at 60»C for 24 hours to give 
nickel oxyhydroxlde A. 
[0064] 

The nickel hydroxides "b" and "c" were also put 
through the same procedure as above to produce nickel 
oxyhydroxides B and C. 
[0065] 

Powdered X-ray diffraction confirmed that all the 
prepared nickel oxyhydroxides A to C comprised crystals having 
a p type structure. The nickel oxyhydroxides A to C also had 
the following physical properties: 

a volxame based average particle size of about 20 [tm; 

a tap density (after the tapping of 300 times) of 

about 2.3 g/cm'; and 

a BET specific surface area of about 12 m^/g. 

[0066] 



24 



(Production of Positive Electrode Material Mixtiire Pellet) 
A positive electrode material mixtxire powder was 
prepared by mixing electrolytic manganese dioxide, the nickel 
oxyhydroxide A and graphite in a weight ratio of 50:45:5. To 
100 parts by weight of the obtained positive electrode 
material mixture powder was added 1 part by weight of an 
alkaline electrolyte, which was then stirred and mixed by a 
mixer until uniform. The resultant was granulated to have a 
uniform particle size. The alkaline electrolyte used here was 
an aqueous solution of 40 wt% potassium hydroxide. The 
obtained particles were press -molded into a hollow cylinder to 
give a positive electrode material mixture pellet A. 
[0067] 

The nickel oxyhydroxides B and C were also put 
through the same procedure as above to produce positive 
electrode material mixture pellets B and C. 
[0068] 

(Production of Nickel -Manganese Battery) 

AA-sized nickel-manganese batteries Al, 31 and CI 
were produced using the above obtained positive electrode 
material mixture pellets A, B and C, respectively. FIG. 1 is 
a front view, partially in cross section, of a nickel- 
manganese battery produced here. 
[0069] 

A can case made of steel sheet and plated with 
nickel was used as a positive electrode case 1 serving also as 
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a positive electrode terminal. Inside the positive electrode 
case 1 was formed a graphite coating film 2. A plurality of 
short cylindrical positive electrode material mixture pellets 
3 were inserted into the positive electrode case 1. The 
positive electrode material mixture pellets 3 were pressed 
again in the positive electrode case 1 so that they were 
attached to the inner surface of the positive electrode case 1 
Into the hollow of the positive electrode material mixture 
pellets 3 was inserted a separator 4 such that the separator 4 
was in contact with the inner surface of the hollow. Inside 
the hollow, an insulating cap 5 was placed at the bottom of 
the can case. 
[0070] 

Subsequently, an alkaline electrolyte was injected 
into the positive electrode case 1 to wet the positive 
electrode material mixture pellets 3 and the separator 4. 
After the injection of the electrolyte, a gel negative 
electrode 6 was filled inside the separator 4. The gel 
negative electrode 6 was made of sodium polyacrylate serving 
as a gelling agent, an alkaline electrolyte and a zinc powder 
serving as a negative electrode active material. The alkaline 
electrolyte was an aqueous solution of 40 wt% potassiiam 
hydroxide . 
[00711 

Meanwhile, a seeiling member 7 made of resin was 
prepared. The seeding member 7 conqprised a short cylindrical 
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center paxt and a peripheral part, the peripheral part had a 
groove on the edge thereof. In the groove formed on the edge 
of the sealing member 7 was fitted the edge of a bottom plate 
8 serving as a negative electrode terminal. Between the 
sealing member 7 and the bottom plate 8 was placed an 
insulated washer 9. In the hollow of the center peurt of the 
sealing member 7 was inserted a nail- shaped negative electrode 
current collector 10. 
[0072] 

The negative electrode current collector 10 
integrated with the sealing member 7, the bottom plate 8 and 
the insulated washer 9 as described above was inserted into 
the gel negative electrode 6. The edge of the opening of the 
positive electrode case 1 was crimped onto the periphery of 
the bottom plate 8 with the edge of the sealing member 7 
therebetween. Thereby, the opening of the positive electrode 
case 1 was sealed. Finally, the outer surface of the positive 
electrode case 1 was covered with an outer label 11 to give a 
nickel -manganese battery. 
[0073] 

(Production of Model Cell) 

In order to obtain the electrical characteristics of 
only nickel oxyhydroxide for compeurison, model cells having 
the same structure as the above nickel -manganese batteries 
were produced. 

The nickel oxyhydroxide A and graphite were mixed in 
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a weight ratio of 92:8 to give a model material mixture powder. 
To 100 parts by weight of the obtained model material mixture 
powder was added 1 part by weight of an alkaline electrolyte, 
which was then stirred and mixed by a mixer xintil uniform. 
The resultant was granulated to have a uniform particle size. 
The alkaline electrolyte used here was an aqueous solution of 
40 wt% potassium hydroxide. The obtained particles were 
press -molded into a hollow cylinder to give a model material 
mixture pellet A. 
[0074] 

A model cell A2 having the same structure as the AA- 
sized alkaline battery shown in FIG. 1 was constructed in the 
same manner as previously described except that the model 
material mixture pellet A was used. The amount of nickel 
oxyhydroxide (NiCX)H) contained in the model cell was 9.0 g. A 
sufficient amount of gel negative electrode was filled in the 
model cell. 
[0075] 

The nickel oxyhydroxides B and C were put tlirough 
the same procedure as above to produce model material mixture 
pellets B and and finally to produce model cells B2 and C2. 
[0076] 

Nickel leads for collecting a current were welded to 
the positive and negative electrode terminals of each model 
cell. Each model cell having an aperture formed on the bottom 
of the positive electrode case thereof was immersed in a 
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beaker filled with an aqueous solution of 40 wt% potassiiam 
hydroxide. In the beaker, an Hg/HgO electrode was also 
immersed as a reference electrode. Thereby, a preparation was 
made to measure the potentials of the positive and negative 
electrodes of the model cell relative to those of the Hg/HgO 
electrode. All the model cells were restricted by the 
positive electrode capacity. The measuring device containing 
the model cell as described above allows the observation of 
the discharge chairacteristics of the positive electrode 
comprising nickel oxyhydroxide alone (i.e. positive electrode 
not containing the electrolytic manganese dioxide) . 
[0077] 

(Evciluation of Nickel -Manganese Battery) 
<Low Loaded Discharge Performance> 

Each of the initial state nickel -manganese batteries 
Al to CI was continuously discharged at a constant current of 
45 mA (low load) at 20'C, during which the discharge capacity 
was measured until the battery voltage reached 0.9 V. The 
discharge curves obtained from this are shown in FIG. 2. 
[0078] 

<High Loaded Discheorge Performance> 

Each of the initial state nickel -manganese batteries 
Al to CI was continuously discharged at a constsmt power of 1 
W at 20' C, during which the discharge time was meastired tintil 
the battery voltage reached an end- of -discharge voltage of 0.9 
V. 
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Table 1 shows the discharge capacity at the low 
loaded discharge and the discharge time at the high loaded 
discharge for the initial state nickel-manganese batteries Al 
to CI. They are given in relative terms with those of the 
nickel -manganese battery CI being set at 100. 
[0079] 
Table 1 



Battery 


Nickel Oxyhydroxide 
(metal element: amount) 


Discharge capacity 
at 45 mA <to 0.9 V> 
in relative terms 


Discharge time 
at 1 W <to 0.9 V> 
in relative terms 


Al 


Nickel Oxyhydroxide A 
(Mn: 5 mol%) 


108 


110 


Bl 


Nickel Oxyhydroxide B 
(Zn: 5 mol%) 


101 


100 


CI 


Nickel Oxyhydroxide C 
(None) 


100 

(Reference value) 


100 

(Reference value) 



[0080] 

Table 1 demonstrates that the nickel-manganese 
battery Al using nickel oxyhydroxide that has a p type crystal 
structure and incorporates manganese therein (i.e. nickel 
oxyhydroxide A) has excellent characteristics in terms of both 
low loaded discheorge and high loaded discharge. 
[0081] 

In the discharge cxirves of FIG. 2, the voltage range 
around 1.6 V is a range where the discharge reaction of nickel 
oxyhydroxide mainly proceeds, and the voltage range around 1.2 
V is a range where the discharge reaction of electrolytic 
manganese dioxide mainly proceeds. 

As evident from FIG. 2, the capacity differences 
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among the batteries Al to CI are more significant in the low 
voltage- side region where the discharge reaction of 
electrolytic manganese dioxide mainly proceeds than the region 
where the discharge reaction of nickel oxyhydroxide mainly 
proceeds . 
[0082] 

(Eveauation of Model Cell) 

In order to further contemplate the eveauation 
results of the nickel-manganese batteries, each of the above- 
obtained model cells A2 to C2 was continuously discharged at a 
constant current of 45 mA (i.e. 5 mA per gram of the nickel 
oxyhydroxide) at 20" C. FIG. 3 shows the potential curves 
showing the correlation between the positive electrode 
potential relative to that of the Hg/HgO electrode and the 
discharge capacity per gram of the nickel oxyhydroxide. 
[0083] 

It is observed, in FIG. 3, that the potential curve 
of the model cell A2 using the nickel oxyhydroxide A and that 
of the model cell B2 using the nickel oxyhydroxide B have two 
plateau regions. A first plateau region is observed in the 
region between +500 and +100 mV relative to the Hg/HgO 
electrode. A second plateau region is observed in the region 
between +100 and -400 mV relative to the same. 
[0084] 

However, the discharge capacity in the first plateau 
region of the model cell 32 is much smaller than that of the 
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model cell A2. In contrast, the discharge capacity in the 
second plateau region of the model cell B2 is larger than that 
of the model cell A2. 
[0085] 

As for the potential curve of the model cell C2 
using the nickel oxyhydroxide C, the discharge capacity in the 
first plateau region thereof is the largest among the three, 
but the potential curve of the model cell C2 does not have the 
second plateau region. 
[0086] 

Taking the above evaluation results of the positive 
electrodes comprising only nickel oxyhydroxide into 
consideration, the behavior shovm in FIG. 2 during the low 
loaded discharge for the nickel-manganese batteries Al to CI 
can be explained as follows. 
[0087] 

As can be seen from FIG. 3, the nickel oxyhydroxide 
C is completely discharged to about bivalent in the first 
plateau region. As such, the electronic conductivity of the 
nickel oxyhydroxide C steeply decreases in the second region 
of between +100 and -400 mV relative to the Hg/HgO electrode. 
Likewise, in the nickel-manganese battery CI, the electronic 
conductivity of the whole positive electrode material mixture 
decreases in the second plateau region. As a result, a 
sufficient amoxint of the capacity is unlikely to be obtained 
from the electrolytic manganese dioxide that is discharged in 
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the second plateau region. 
[0088] 

The discharge capacity in the first plateau region 
of the nickel oxyhydroxide B is very small as can be seen from 
FIG. 3. As such, in the nickel -manganese battery Bl, the 
discharge capacity in the first plateau region is insufficient. 
Therefore, a high capacity battery cannot be obtained. 
[0089] 

The discheorge capacity in the first plateau region 
of the nickel oxyhydroxide A, on the other hand, is relatively 
large. Also, the nickel oxyhydroxide A has an appropriate 
level of residual capacity in the second plateau region. As 
such, in the nickel -manganese battery Al, the discharge 
capacity in the first plateau region does not become 
insufficient. At the same time, the positive electrode 
materiea mixture can retain high electronic conductivity even 
in the second plateau region. Therefore, a sufficient amo\ant 
of the capacity can be obtained from the electrolytic 
manganese dioxide in the second plateau region. 
[0090] 

From the reasons stated above, it can be concluded 
that the nickel -manganese battery Al offered the highest 
discharge capacity. As described above, according to the 
present invention, it is possible to efficiently produce a 
higher capacity alkaline battery. 
[00911 
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As stated previously, presumably, the discharge 
capacity due to normea nickel oxyhydroxide is obtained in the 
first plateau region whereas the discharge capacity due to the 
nickel oxide of high oxidation state locally formed by 
incorporation of a different element is obtained in the second 
region . 
[0092] 

Particularly, the nickel oxyhydroxides incorporating 
manganese as a different element therein in an amount of 0.5 
to 10 mol%, which is quite a broad range, have specificity. 
They offered preferable potential curves similar to that of 
the model cell A2. 
[0093] 

Table 1 shows that the nickel -msuigemese battery Al 
using the nickel oxyhydroxide A that incorporates manganese 
therein has extremely excellent high loaded discharge 
performance. Presiamably, this is because \rtien manganese is 
incorporated in the crystals of nickel oxyhydroxide, the 
nickel oxide of high oxidation state locally formed in the 
nickel oxyhydroxide has excellent proton dif fusibility and 
excellent electronic conductivity as compared to the case 
where a different element such as zinc is incorporated. From 
this, it can be concluded that the nickel oxyhydroxide 
incorporating manganese therein is most excellent from the 
standpoint of the improvement of high loaded discharge 
performance . 
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Example 2 
[00941 

(Preparation of Nickel Hydroxide) 

The following nickel hydroxides were prepared in the 
same manner as Example 1 except that the amount ratio between 
an aqueous solution of nickel sulfate (II) and an aqueous 
solution of manganese sulfate (II) were changed: 

nickel hydroxide "d" having a composition of 

Nio.97Mno.o3(OH)2; 

nickel hydroxide "e" having a composition of 

Nio.94Mno.o6(OH)2; and 

nickel hydroxide "f ' having a composition of 

Nio.9iMno.o9{OH)2- 
[0095] 

Subsequently, the following nickel hydroxides were 
prepared in the same manner as above except that an aqueous 
solution of zinc sulfate (II) was used instead of an aqueous 
solution of mangeuiese sulfate (II): 

nickel hydroxide *g" having a composition of 

Nio.97Zno.o3(OH)2; 

nickel hydroxide "h" having a composition of 

Nio.94Zno.o6(OH)2; and 

nickel hydroxide "i" having a composition of 

Nio.9iZno.o9(OH)2. 
[0096] 
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Subsequently, the following nickel hydroxides were 
prepcired in the same manner as above except that the 
combination of an aqueous solution of zinc sulfate (II) and an 
aqueous solution of cobalt sulfate was used instead of an 
aqueous solution of manganese sulfate (II): 

nickel hydroxide "j" having a coii5>osition of 

Nio . 96 Zno . 03C00 . 01 ( OH ) 2 ; 

nickel hydroxide "k" having a composition of 

Nio.93Zno.o6Coo.oi(OH)2; and 

nickel hydroxide "1" having a composition of 

Nio . 9oZno . 09C00 . 01 ( OH ) 2 • 
[00971 

Powdered X-ray diffraction confirmed that all the 
prepared nickel hydroxides "d" to "1" con4>rised crystals 
having a P type structure. The nickel hydroxides "d" to "1" 
also had the following physical properties: 

a volTjme based average particle size of about 20 nm; 

a tap density (after the tapping of 300 times) of 
about 2.2 g/cm^; and 

a BET specific surface area of about 10 m^/g. 

[0098] 

(Preparation of Nickel Oxyhydroxide ) 

The nickel hydroxides *d" to ""l" were oxidized in 
the same manner as Example 1 to prepare nickel oxyhydroxides D 
to L. 

Powdered X-ray diffraction confirmed that all the 
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prepared nickel oxyhydroxides D to L comprised crystals having 
a p type structure- The nickel oxyhydroxides D to L also had 
the following physical properties: 

a volume based average particle size of about 20 \m; 

a tap density (after the tapping of 300 times) of 
about 2.3 g/cm^; and 

a BET specific surface area of about 12 m^/g. 

[0099] 

(Production of Positive Electrode Material Mixture Pellet) 

Positive electrode material mixture pellets D to L 
were produced in the same manner as Example 1 except that the 
nickel oxyhydroxides D to L were used. 
[0100] 

(Production of Nickel -Manganese Battery) 

AA- sized nickel -manganese batteries Dl to H were 
produced in the same manner as Example 1 except that the 
produced positive electrode material mixtxire pellets D to L 
were used. 
[0101] 

(Production of Model Cell) 

In order to obtain the electrical chcuracteristics of 
only nickel oxyhydroxide for comparison, model cells having 
the same structure as the model cells of Exan^le 1 were 
produced. Specifically, each of the nickel oxyhydroxides and 
graphite were mixed in a weight ratio of 92:8, which was then 
put through the same procedure as Example 1 to give model 
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material mixture pellets D to L. Then, model cells D2 to L2 
identical to those of Example 1 were assembled using the 
above -obtained model material mixture pellets D to L. Similar 
to Example 1, measxiring devices were assembled using the 
obtained model cells to observe the discharge characteristics 
of the positive electTOdes. 
[0102] 

(Evaluation of Model Cell) 

Each of the model cells D2 to L2 were continuously 
discharged at a constant current of 45 mA (i.e. 5 mA per gram 
of the nickel oxyhydroxide) at 20* C. during vrtiich the 
discharge capacity in the first plateau region of between +500 
and +100 mV relative to the Hg/HgO electrode and that in the 
second plateau region of between +100 and -400 mV relative to 
the same were measured. The results eure shown in Table 2. 
[0103] 

Two plateau regions were clearly observed in all the 
potential curves of the model cells D2 to L2. As the amoxrnt 
of the different metal contained in the nickel oxyhydroxide is 
increased, the discharge capacity in the first plateau region 
(i.e. high potential region) decreased axiA that in the second 
plateau region (i.e. low potential region) increased. 
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[0104] 



Table 2 



Battery 


Nickel Oxjiiydroxide 
(metal element: amoiint) 


Discharge capacity 
in first plateau 
region (mAh/g) 


Discharge capacity 
in second plateau 
region (iiiAh/g) 


D2 


Nickel Oxyliydroxide D 
(Mn: 3 inol%) 


245 


13 


E2 


Nickel Oxyhydroxide E 


236 


17 


F2 


Nickel Oxyhydroxide F 
(Mn: 9 inol%) 


228 


20 


G2 


Nickel Oxyhydroxide G 
(Zn: 3 inol%) 


227 


22 


H2 


Nickel Oxyhydroxide H 
(Zn: 6 mol%) 


219 


28 


12 


Nickel Oxyhydroxide I 
(Zn: 9 mol%) 


212 


32 


32 


Nickel Oxyhydroxide J 
(Zn: 3 niol%, Co: 1 niol%) 


230 


23 


K2 


Nickel Oxyhydroxide K 
(Zn: 6 mol%, Co: 1 inol%) 


219 


27 


L2 


Nickel Oxyhydroxide L 
(Zn: 9 inol%, Co: 1 niol%) 


214 


30 



First plateau region ranging frcan +500 to +100 mV 



Second plateau region ranging from +100 to -400 mV 
[0105] 

(Evaluation of Nickel -Manganese Battery) 
<Low Loaded Discharge Perfonncince> 

Each of the initial state nickel-manganese batteries 
Dl to LI was continuously discharged at a constant current of 
45 mA at 20*0, during which the discharge capacity was 
measured until the battery voltage reached 0.9 V. 
[0106] 

<High Loaded Discharge Perf orxncince> 

Each of the initial state nickel-manganese batteries 
Dl to LI was continuously discharged at a constant power of 1 
W at 20" C, during which the discharge time was measured until 
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the battery voltage reached an end-of -discharge voltage of 0.9 
V. 

[01071 

Table 3 shows the discharge capacity at the low 
loaded discharge and the discharge time at the high loaded 
discharge for the initial state nickel -manganese batteries Dl 
to LI. They are given in relative terms with those of the 
nickel-manganese battery CI of Example 1 being set at 100. 
[0108] 



Table 3 



Battery 


Nickel Oxyhydroxide 
(metal element: amoimt) 


Dischcurge capacity 
at 45 mA <to 0.9 V> 
in relative terms 


Discharge time 
at 1 W <to 0.9 V> 
in relative terms 


Dl 


Nickel Oxyhydroxide D 
(Mn: 3 mol%) 


108 


109 


El 


Nickel Oxyhydroxide E 
(Mn: 6 mol%) 


107 


110 


Fl 


Nickel Oxyhydroxide F 
(Mn: 9 mol%) 


106 


109 


Gl 


Nickel Oxyhydroxide G 
(Zn: 3 mol%) 


103 


100 


HI 


Nickel Oxyhydroxide H 
(Zn: 6 mol%) 


99 


98 


11 


Nickel Oxyhydroxide I 
(Zn: 9 mol%) 


98 


98 


Jl 


Nickel Oxyhydroxide J 
(Zn: 3 mol%, Co: 1 mol%) 


104 


100 


Kl 


Nickel Oxyhydroxide K 
(Zn: 6 molt, Co: 1 mol%) 


99 


99 


LI 


Nickel Ox^ydroxide L 
(Zn: 9 mol%, Co: 1 mol%) 


99 


99 



[01091 

Table 2 illustrates that the positive electrodes of 
the model cells D2, E2. F2. G2 and 32 have a discharge 
capacity of not less than 220 mAh/g in the first plateau 
region and a discharge capacity of 10 to 25 mAh/g in the 
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second plateau region. Table 3 demonstrates that the nickel- 
manganese batteries Dl, El, Fl, Gl and Jl have an improved 
discharge capacity at the low loaded discharge 3 to 8% higher 
than that of the nickel -manganese battery CI. 
[0110] 

The improvement of the low loaded discharge 
performance is due to the following facts: firstly, the nickel 
oxyhydroxides D, E, F, G and J offered an appropriate level of 
discharge capacity in the first plateau region. Secondly, 
because the nickel oxyhydroxides D, E, F, G and J had an 
appropriate level of residual capacity in the second plateau 
region, the electron conductivities of the positive electrode 
material mixtures were maintained even during the discharge of 
the electrolytic manganese dioxide, which In^roved the 
utilization of the electrolytic manganese dioxide. 
[0111] 

All the positive electrodes of the model cells H2, 
12, K2 and L2, on the other hand, offered an insufficient 
level of discharge capacity during the first plateau region. 
Because of this, the cells did not achieve higher capacity. 
[0112] 

In terms of high loaded discharge performance, a 
remarkable improvement was observed in the nickel-manganese 
batteries Dl, El and Fl using the nickel oxyhydroxides D, E 
and F incorporating manganese therein. Presumably, the reason 
why such difference was created is because the nickel oxides 



41 



of high oxidation state produced by the incorporation of 
manganese into the crystals of the nickel oxyhydroxides have 
excellent proton diffusibility and excellent electronic 
conductivity, compared to the nickel oxides of high oxidation 
state produced by the different meteas sucdi as Zn and Co. 

Example 3 
[0113] 

Positive electrode material mixture pellets Ml to M7 
were produced in the same manner as Example 1 except the 
manganese amount relative to the total amount of the nickel 
and the manganese contained in the nickel oxyhydroxide was 
changed to those shown in Table 4. 
[0114] 

(Preparation of Nickel Hydroxide) 

The following nickel hydroxides were prepared in the 
same manner as Example 1 except that the amount ratio between 
an aqueous solution of nickel sulfate (II) and an aqueous 
solution of manganese sulfate (II) were changed: 
[0115] 

nickel hydroxide ml having a ccMiiposition of 

Nio . 999Mtlo . 001 (0H)2; 

nickel hydroxide m2 having a composition of 

Nio.995Mno.oo5(OH)2; 

nickel hydroxide m3 having a composition of 

Nio.99Mno.oi(OH)2; 
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nickel hydroxide m4 having a composition of 

Nlo.96Mno.o4(OH)2; 

nickel hydroxide mS having a composition of 

Nio.93Mno.o7(OH)2; 

nickel hydroxide m6 having a composition of 

Nio.9Mno.i(OH)2; and 

nickel hydroxide m7 having a composition of 

Nio.88Mlo.l2(OH)2. 

[0116] 

Powdered X-ray diffraction confirmed that all the 
prepared nickel hydroxides ml to m7 comprised crystals having 
a p type structure. The nickel hydroxides ml to m7 also had 
the following physical properties: 

a volume based average particle size of 15 to 20 (im; 

a tap density (after the tapping of 300 times) of 

2.1 to 2.2 g/cm^; and 

a BET specific surface area of 8 to 12 m^/g. 

[0117] 

(Preparation of Nickel Oxyhydroxide ) 

The nickel hydroxides ml to m7 were oxidized in the 
same manner as Example 1 to prepare nickel oxyhydroxides Ml to 
M7. 

Powdered X-ray diffraction confirmed that all the 
prepared nickel oxyhydroxides Ml to M7 comprised crystals 
having a P type structure. The nickel oxyhydroxides Ml to M7 
also had the following physical properties: 
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a volume based average particle size of 15 to 20 \m; 
a tap density (after the tapping of 300 times) of 
2.2 to 2.3 g/cm\- and 

a BET specific surface area of about 10 to 14 m^/g. 

[0118] 

(Production of Positive Electrode Material Mixture Pellet) 

Positive electrode material mixtxire pellets Ml to M7 
were produced in the same manner as Exan5)le 1 except that the 
nickel oxyhydroxides Ml to M7 were used. Subsequently, AA- 
sized nickel-manganese batteries Ml to M7 were produced in the 
same manner as Example 1 except that the produced positive 
electrode material mixture pellets Ml to M7 were used. 
[0119] 

(Evaluation of Nickel -Manganese Battery) 
<Low Loaded Discharge Perf ormance> 

Each of the initial state nickel -manganese batteries 
Ml to M7 was continuously discharged at a constant current of 
45 mA at 20* C, during which the discharge capacity was 
measured until the battery voltage reached 0.9V. 
[0120] 

<High Loaded Discharge Perf ormance> 

Each of the initial state nickel-manganese batteries 
Ml to M7 was continuously discharged at a constemt power of 1 
W at 20" C, during which the discharge time was measured until 
the battery voltage reached an end- of -discharge voltage of 0.9 
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[0121] 

Table 4 shows the dischatge capacity at the low 
loaded discharge and the discharge time at the high loaded 
discharge for the nickel-manganese batteries Ml to M7. They 
are given in relative terms with those of the nickel -manganese 
battery CI of Example 1 being set at 100. 
[0122] 



Table 4 



Battery 


Nickel Oxyhydroxide 
(metal element: amount) 


Discharge capacity 
at 45 mA <to 0.9 V> 
in relative terms 


Discharge time 
at 1 W <to 0.9 V> 
in relative terms 


Ml 


Nickel Oxyhydroxide Ml 
(Mn: 0.1 mol%) 


101 


100 


M2 


Nickel Oxyhydroxide M2 
(Mn: 0.5 nK>l%) 


105 


103 


M3 


Nickel Oxyhydroxide M3 
(Mn: 1 mol%) 


106 


106 


M4 


Nickel Oxyhydroxide M4 
(Mn: 4 mol%) 


108 


109 


M5 


Nickel Oxyhydroxide M5 
(Mn: 7 mol%) 


107 


107 


M6 


Nickel Oxyhydroxide M6 
(Mn: 10 mol%) 


105 


104 


M7 


Nickel Oxyhydroxide M7 
(Mn: 12 mol%) 


100 


98 


CI 


Nickel Oxyhydroxide C 
(None) 


100 

(Reference value) 


100 

(Reference value) 



[0123] 

Table 4 illustrates that the effect of higher 
capacity is obtained at both the low loaded discharge and the 
high loaded discharge when manganese is contained in an amount 
of 0.5 to 10 mol% in the nickel -manganese battei^r- 



Example 4 
[0124] 
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(Production of Nickel-Manganese Battery) 

Nickel -manganese batteries P to U identical to the 
nickel-manganese battery Al of Example 1 were produced except 
that, in the production of the positive electrode material 
mixture pellets, the electrolytic manganese dioxide, the 
nickel oxyhydroxide A. graphite and an oxide additive were 
mixed in a weight ratio of 49:45:5:1 to produce positive 
electrode material mixture powders. The produced nickel - 
manganese batteries P, Q, R, S. T and U contained, as the 
oxide additive, yttrium oxide (Y2O3), erbium oxide (ErzOa), 
thulium oxide CRnjOa). ytterbium oxide (YbaOa), lutetium oxide 
(LU2O3) and zinc oxide (ZnO), respectively. Meanvrtiile, a 
nickel -manganese battery V was produced in the same manner as 
above except that no oxide additive was added. 
[0125] 

The obtained batteries P to V were put through an 
evaluation. Then, the effect produced by the addition of the 
oxides was examined. 
[0126] 

(Evaluation of Nickel -Manganese Battery) 
<Low Loaded Discharge Perfo3nnance> 

Each of the initial-state nickel -manganese batteries 
P to V was continuously discharged at a constant current of 45 
mA at 20" C, during which the discharge capacity was measured 
until the batteary voltage reached 0.9 V. 
[0127] 
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<Storage characteristics> 

The initial- state nickel -manganese batteries P to V 
were stored for 1 week at 60** C. Subsequently, each of them 
was continuously discharged at a constant current of 45 mA at 
20' C, during which the dischaorge capacity was measured until 
the battery voltage reached an end- of -discharge voltage of 0.9 
V. 

[0128] 

Table 5 shows the initial discharge capacity at the 
low loaded discharge and the discharge capacity at the low 
loaded discharge sifter storage for the nickel-mangeuiese 
batteries P to V. They are given in relative terms with the 
initial discheurge capacity of the nickel-manganese battery V 
being set at 100. 
[0129] 



Table 5 



Battery 


Nickel Oxyhydroxlde 


Additive 


Initial discharge 
capacity at 45 mA 
in relative terms 


Discharge capacity 
at 45 mA after 1 
week storage at 
60* C in relative 
terms 


P 


Nickel Oxyhydroxlde A 


Y2O3 


101 


94 


Q 


Nickel Oxyhydroxlde A 


Er203 


101 


95 


R 


Nickel Oxyhydroxlde A 


Tm203 


100 


95 


S 


Nickel Oxyhydroxide A 


Yb203 


101 


95 


T 


Nickel Oxyhydroxide A 


LU2O3 


100 


94 


U 


Nickel Oxyhydroxlde A 


ZnO 


100 


88 


V 


Nickel Oxyhydroxlde A 


None 


100 


87 



[0130] 

It is evident from Table 5 that, even when the rare 
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earth metal oxides such as yttrium oxide, erbitam oxide, 
thulium oxide, ytterbium oxide, lutetium oxide ana zinc oxide 
were contained in the positive electrode material mixtures, 
the initial discharge capacities were almost the same as that 
of the nickel-manganese battery V containing no additive. 
[0131] 

In terms of the discharge capacity after storing for 
1 week at 60' C, however, the batteries P to T using the rare 
ecirth metal oxides cire absolutely excellent. It is considered 
that the rare earth metal oxide dissolves in a very small 
amount in the alkaline electrolyte to form a hydroxide, and 
the hydroxide deposits on the surface of the nickel 
oxyhydroxide peurticles to form a coating film. As a result, 
the oxygen producing over-potential of the positive electrode 
is increased, and the self -discharge reaction is minimized. 
[0132] 

The nickel oxyhydroxide conqprising crystals having a 
P type structure and incorporating manganese therein has a 
high equilibrium potent icil. As such, the open circuit voltage 
of the battery is maintained at a relatively high level and 
the self -discharge rate tends to be large. Accordingly, the 
addition of the rare earth metal oxide to the positive 
electrode material mixture is effective particularly \rtien it 
is necessary to improve the storage characteristics of the 
battery using a nickel oxyhydroxide comprising crystals having 
a P type staructure and incorporating manganese therein. 
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Example 5 
[0133] 

(Production of Nickel-Manganese Battery) 

Batteries Wl to W8 identical to the nickel -manganese 
battery Al of Example 1 were produced except that, in the 
production of the positive electrode material mixtiire pellets, 
the weight ratios between the nickel oxyhydroxide A and 
electrolytic manganese dioxide shown in Table 6 were used, and 
5 parts by weight of a graphite conductive material was mixed 
with 95 parts by weight of the total of nickel oxyhydroxide A 
and the electrolytic mangemese dioxide to give positive 
electrode material mixture powders. 
[01341 

(Evaluation of Nickel -Manganese Battery) 
<Low Loaded Discharge Performance> 

Each of the initicO. state nickel -manganese batteries 
Wl to W8 was continuously discharged at a constemt current of 
45 mA at 20*C, during which the discharge capacity was 
measured until the battery voltage reached 0.9 V. 
[0135] 

<High Loaded Discharge Performance> 

Each of the initial state nickel-manganese batteries 
Wl to W8 was continuously discharged at a constant power of 1 
W at 20* C, dtiring which the discharge time was measured until 
the battery voltage reached an end- of -discharge voltage of 0.9 
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V. 

[0136] 

Table 6 shows the discharge capacity at the low 
loaded discharge and the discharge time at the high loaded 
discharge for the nickel -manganese batteries Wl to W8. They 
eire given in relative terms with those of the nickel -manganese 
battery CI of Example 1 being set at 100. 
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[0137] 
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[0138] 

As can be seen from Table 6, taking the balance of 
the battery characteristics into consideration, preferred 
amount of the nickel oxyhydroxide is 10 to 80 wt% relative to 
the total amoxint of the nickel oxyhydroxide and the 
electrolytic manganese dioxide, and preferred amount of the 
electrolytic manganese dioxide is 20 to 90 wt% relative to the 
same. 

Example 6 
[0139] 

(Production of Nickel -Mainganese Battery) 

Batteries XI to X4 identical to the nickel -manganese 
battery Al of Example 1 were produced except that, in the 
production of the positive electrode material mixture pellets, 
the weight ratio between the nickel oxyhydroxide A and the 
electrolytic manganese dioxide was chcuiged to 50:50, and the 
amount of the graphite conductive material relative to the 
toteO. amount of the nickel oxyhydroxide A, the electrolytic 
manganese dioxide and the graphite conductive material was 
changed to those shown in Table 7 to produce the positive 
electrode material mixture powders. The produced batteries XI 
to X4 were put through an evaluation. 
[0140] 

(Evaluation of Nickel -Manganese Battery) 
<Low Loaded Discharge Perf ormance> 
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Each of the initial state nickel -manganese batteries 
XI to X4 was continuously discharged at a constant current of 
45 mA at 20' during which the discharge capacity was 
measured until the battery voltage reached 0.9 V. 
[0141] 

<High Loaded Discharge Perfonnance> 

Each of the initial state nickel-manganese batteries 
XI to X4 was continuously discharged at a constant power of 1 
W at 20* C, during which the discharge time was measured until 
the battery voltage reached an end- of -discharge voltage of 0.9 
V. 

[0142] 

Table 7 shows the discharge capacity at the low 
loaded discharge anA the discharge time at the high loaded 
discharge for the nickel -manganese batteries XI to X4. They 
are given in relative terms with those of the nickel-manganese 
battery CI of Example 1 being set at 100. 
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[0143] 
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[0144] 

As can be seen from Table 7, taking the balance of 
the battery characteristics into consideration, preferred 
amoxant of the graphite conductive material is 3 to 10 wt% 
relative to the total amount of the nickel oxyhydroxide , the 
electrolytic manganese dioxide euid the graphite conductive 
materi£Ll • 

Exanple 7 
[0145] 

(Production of Nickel -Mangemese Battery) 

Batteries Yl to Y5 identical to the nickel-manganese 
battery Al of Example 1 were produced except that, in the 
production of the positive electrode material mixture pellets, 
the electrolytic manganese dioxide, the nickel oxyhydroxide A 
and the graphite conductive material were mixed in a weight 
ratio of 49:45:5, to which Y2O3 was further added in an amoxint 
shown in Table 8, the amount being expressed in wt% relative 
to the total amoiint of the nickel oxyhydroxide A, the 
electrolytic manganese dioxide, the graphite conductive 
material and Y2O3 to produce positive electrode material 
mixture powders. The obtained batteries Yl to Y5 were put 
tlurough an evaluation. 
[0146] 

(Evaluation of Nickel -Manganese Battery) 
<Low Loaded Discharge Performance> 
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Each of the initial state nickel -manganese batteries 
Yl to Y5 was continuously discheurged at a constant current of 
45 mA at 20* C, during which the discharge capacity was 
measured until the battery voltage reached 0.9 V, 
[0147] 

<Storage characteristics> 

The nickel-manganese batteries Yl to Y5 were stored 
for 1 week at 60-C. Subsequently, each of them was 
continuously discharged at a constant current of 45 mA at 20* 
during which the discharge capacity was measxired until the 
battery voltage reached an end-of -discharge voltage of 0.9 V. 
[01481 

Table 8 shows the discharge capacity at the low 
loaded discharge for the nickel -manganese batteries Yl to Y5. 
They are given in relative terms with that of the initial 
state nickel -manganese battery V of Example 4 being set at 100. 
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[0150] 

Table 8 illustrates that, even when ¥203 is contained 
in an amount of 0.1 to 2 wt% relative to the whole positive 
electrode material mixture, the storage characteristics almost 
the same as those of the nickel -manganese battery P of Example 
4 were obtained. It is assumed that similar result can be 
obtained with the use of other rare earth metal oxides. 
Although the details are not given here, that has actually 
been confirmed. 
[0151] 

In the Examples described above, the nickel 
oxyhydroxides had a volxmie based average particle size of 15 
to 20 jOTr a tap density (after the tapping of 300 times) of 
2.2 to 2.3 g/cm^ and a BET specific surface area of about 10 
to 14 m^/g. However, it should be understood that the present 
invention does not require nickel oxyhydroxide powders having 
the physicfiuL properties just stated above. Nickel 
oxyhydroxides having the physical properties different from 
those mentioned above can be used in the present invention. 
[0152] 

Moreover, although Exan^les given above produced 
alkaline batteries having a so-called inside-out structure, 
the present invention is applicable to batteries with 
different structiares such as button type batteries and 
prismatic batteries. 
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Industrial Applicability 
[0153] 

As described above, according to the present 
invention, it is possible to effectively produce a higher 
capacity alkaline battery. At the same time, the improvement 
of high loaded discharge performeuice can be expected. 
Accordingly, the industrial importance thereof is enormous. 
The present invention can be applied to primary eOkaXine 
batteries, and it is particularly effective in nickel- 
manganese batteries. 



